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Abstract Background: Duodenal injury is an important hollow viscus injury in the abdomen.
The study analysed the factors related to the outcome of duodenal injuries presenting to the
unit.
Patients and methods: Prospectively collected data on a case series involving 23 patients over
three years. It involved demographic details, Injury Severity Score, Revised Trauma Score, part
of duodenum injured, duodenal injury severity according to the AAST, injury-operation time
lag, mode of repair, and the extent of significant associated injuries. Patients with non-
perforating injury were excluded.
Results: M:F ratio was 9:2. Median age was 33 years. All were operated by a senior registrar or
senior. Seven out of 23 were blunt, 13/23 firearm and 3/23 stab injuries. D2 was involved in
87%. Duodenal injury severity was graded according to American Association for Surgery of
Trauma-Organ Injury Scale (AAST-OIS). Seventeen/23 were Grade II/III, 3 Grade IV and 3 Grade
V injuries. Four had injury-operation lag of >18 h. Two injuries were missed. All injuries up to
Grade IV had simple repair. Two of them had T-tube duodenostomy. None had pyloric exclu-
sion. Complex repairs were required for 3/23 patients. Five patients died. Duodenum-related
mortality was zero. The mortality was related to body Injury Severity Score >45. One delayed
repair developed duodenal fistula. Intra-abdominal abscess, septicaemia and wound dehis-
cence were seen in two patients each. Adverse prognostic factors towards morbidity was
injury-operation lag >18 h.
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Duodenal injuries form three to five percent of all abdom-
inal injuries and blunt duodenal trauma forms 0.2% of the
same.1 Isolated duodenal injury is rare. The anatomical risk
of associated injuries to the main pancreatic duct (MPD),
common bile duct (CBD), the portal vein, abdominal aorta
and inferior vena cava, superior mesenteric vessels andshed by Elsevier Ltd. All rights reserved.
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the injury potentially fatal. The retroperitoneal location
of the organ leaves the injury prone to be missed. This
retrospective study was carried out to evaluate the factors
related to the outcome of duodenal injuries presenting to
the unit.
Patients and methods
This study was carried out at the Departments of Surgery
and of A&E, Mayo Hospital Lahore over a three-year
period. The hospital is a tertiary referral centre as well
as the largest teaching institution in the country. The
data was collected prospectively and analysed retrospec-
tively. It involved 23 consecutive patients over the age of
12 years and with full-thickness duodenal injury. All cases
of duodenal haematoma without perforation were ex-
cluded from the study. The included patients therefore
correspond to the American Association for Surgery of
Trauma-Organ Injury Scale (AAST-OIS) Grade >I as shown
in Table 1. The data included demographic details, Injury
Severity Score (ISS) and Revised Trauma Score (RTS). The
ISS is an anatomical scoring system for patients with mul-
tiple injuries. Each injury is assigned an Abbreviated In-
jury Scale (AIS) score (1e6) to one of six body regions
(head, face, chest, abdomen, extremities [including pel-
vis], and external). The three most severely injured
body regions have their score squared and added to-
gether to produce the ISS score (range 0e75).2 If an in-
jury is assigned an AIS of six (un-survivable injury), the
ISS score is automatically assigned to 75. The RTS3 is
shown in Table 2. The ISS and RTS were based on the
initial data at presentation. Other information recorded
includes part of duodenum injured, injury severity
according to the AAST-OIS, injury-operation time lag,
mode of repair, and the extent of significant associated
injuries. All procedures were conducted by senior regis-
trar or a consultant grade surgeon.
The resuscitation was carried out to an optimum point
in either the emergency room or in the operating theatre.
At laparotomy haemorrhage was dealt with first. The
indications to expose the duodenum were penetrating
injury between xiphi and umbilicus, hemetemesis after
injury, bile in the peritoneal cavity, midline retro-
Table 1 American Association of Surgery for Trauma-
Organ Injury Scale (AAST-OIS)
Grade I Haematoma
Partial thickness laceration e no perforation
Grade II Haematoma >1 portion
<50% Circumference lacerated
Grade III 50e70% Circumference of D2 disrupted
50e100% of D1, 3, 4
Grade IV >75% Circumference D2
Injury to ampulla/distal CBD
Grade V Massive disruption of duodenopancreatic
complex
Duodenal devascularizationperitoneal haematoma, visual evidence of duodenal injury
and vectors of injury resembling ‘seat-belt’ trauma. The
duodenum took priority over other hollow organ injuries.
During this phase the small bowel and colonic injuries were
soft-clamped. Generous mobilization was done for ade-
quate exposure. It involved division of the gastro-colic
omentum and mobilization of the hepatic flexure of the
colon. Extensive Kocherization of the duodenum and
mobilization of doudeno-jejunal flexure was then carried
out. All limits of the injury were defined. Only minimal
debridement of the edges was needed. Trimming of
pouting mucosa was sometimes necessary. Healthy perfu-
sion at the injured site was visually confirmed. Injuries
were closed in two-layer inverting fashion. The inner all
layers and outer sero-muscular layer was the method
adopted for all. The suture employed was polyglactin
(Vicryl) 2/0 atraumatic. Para-duodenal drainage (closed,
non-suction) was established for all. Associated injuries
were treated on merits. Post-operatively, all patients had
nasogastric tube for upper GI rest, urinary catheter, H2-
blockade (ranitidine), intravenous antibiotics for five days
and attention to serum biochemistry. The primary outcome
of interest was death. The secondary outcome considered
was morbidity. The end-point of the study was discharge
from the hospital or death.
Statistical analysis
Percentage, 95% confidence intervals (CI), mean with
standard deviation (SD) and standard error of mean
(SEM), median with interquartile range (IQR) and mode
were calculated. Age distribution mainly was of the
normal (bell shaped) pattern. The body ISS data was
also normally distributed. The RTS results were non-
normally distributed. Duodenal injury severity (AAST-OIS)
data had a normal distribution pattern. The chi square
test was used to determine the p value (accepted at
<0.05) for the effect of injury-operation time lag and
of AAST duodenal injury severity on mortality. For the
effect of ISS on mortality t-test was used to determine
significance. For the effect of RTS on mortality, Manne
Whitney U-test was applied. The correlation between
ISS and mortality, and RTS and mortality, was determined
with Spearman Rank test. Finally, for the effect of AAST
duodenal injury severity and of injury-operation delay on
morbidity, chi square was employed.
Table 2 Revised Trauma Score (RTS)3
Glasgow
Coma Scale (GCS)
Systolic Blood
Pressure (SBP)
Respiratory
Rate (RR)
Coded
Value
13e15 >89 10e29 4
9e12 76e89 >29 3
6e8 50e75 6e9 2
4e5 1e49 1e5 1
3 0 0 0
RTSZ 0.9368 GCS þ 0.7326 SBP þ 0.2908 RR. Values for the RTS
are in the range 0e7.841.
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Nineteen out of 23 were males (M:F ratio 9:2). The age
range was 14e80 years (meanZ 34.2, medianZ 33,
IQRZ 28e36, modeZ 33). The ISS ranged from 34 to 50
(medianZ 34, IQRZ 34e34, meanZ 36, modeZ 34).
The RTS ranged from 5.643 to 7.841 (medianZ 7.841,
IQRZ 6.742e7.841, meanZ 7.3186, modeZ 7.841) re-
vealing a marked negative skew. Seven out of 23 (31%)
were as a result of blunt trauma. Penetrating injuries
(16/23e69.56%) included 13 firearm and three stab injuries.
Two patients (8.7%) had isolated duodenal injury. Seven-
teen out of 23 had injury severity of Grade III or less
(<75% circumference lacerated). Three had Grade IV
and three Grade V injuries. The injury-operation time lag
was >18 h in four patients and less in the rest (Fig. 1).
Eighty seven percent had injury to the second part of duo-
denum (D2).
Twenty out of 23 patients had simple repair including all
3 Grade IV injuries. In 2 out of the 3 Grade IV, T-tube
duodenostomy (18 French) was established for anastomotic
decompression (Fig. 2). The tube was removed seven days
post-operatively after confirmatory T-tube duodenogram
and when further 24 h trial of clamping was successful.
The three Grade V injuries were treated individually by du-
odenal diverticulization (nZ 1), resection of D3 and 4 fol-
lowed by D2 dudeno-jejunostomy (nZ 1) and lastly, long
resection with end-end anastomosis D1eD2 (nZ 1). Associ-
ated pancreatic lacerations were seen in five patients
(21.37%) but none had demonstrable involvement of MPD
or CBD. They required drainage.
The injury was missed in two patients (8.7%). One with
blunt trauma went on to develop the only duodenalfistula of the study. This patient had a delayed laparot-
omy (>24 h). The second who was diabetic with heart
disease required a second laparotomy. It was done
more than eight hours after the injury was missed at
the primary laparotomy. He had extensive high velocity
firearm multi-organ injuries (ISSZ 50, RTSZ 5.643) and
succumbed to them.
Five (21.73%) of the 23 patients died. Of these three (13%)
died within the first 48 h as a result of injury load secondary
to firearm injury. Between the remaining two, one patient
with blunt injury (Grade V) died after he had a delayed lapa-
rotomy (>24 h after injury). He died of pulmonary embolism
shortly before discharge (after fourweeks). The otherwas an
80 years old male and died of a stroke in the third week after
having recovered uneventfully from the injury and opera-
tion. This patient also had a blunt injury. In addition to the
duodenal fistula (nZ 1), there were intra-abdominal ab-
scesses (nZ 2). An abscess in the supra-colic compartment
was taken as duodenum-related until proved otherwise.
Two patients had abdominal wound dehiscence. None devel-
oped post-traumatic pancreatitis or a pancreatic fistula.
Pressure sores, skin excoriation, depression and opiate de-
pendence were seen in one patient.
The mortality was demonstrated to be not significantly
related to the injury mechanism (blunt vs. penetrating
pZ 0.8218), AAST duodenal injury grade (grade II/III vs.
grade IV/V pZ 0.3121) or injury-operation time lag
(<18 h vs. >18 h, pZ 0.5674). There was significant differ-
ence in the Injury Severity Score (ISS) between the survivors
and non-survivors. The ISS score for survivors was nZ 18,
meanZ 32, SDZ 5.82, SEMZ 1.37 and that for non-survi-
vors was nZ 5, meanZ 45, SDZ 7.28 and SEMZ 3.26
(pZ 0.0004) (Fig. 3). There also was a statisticallyDuodenal injuries
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Figure 1 Outline of the study.
Injuries to the duodenum 391Figure 2 Grade IV injury to D2: Two-layered inverting repair
and T-tube duodenostomy (nZ 2). Note para-duodenal and
naso-gastric drainage. (Sketches by author MAR).significant difference in the Revised Trauma Score (RTS)
between the survivors and non-survivors (pZ 0.00671).
Correlation analysis revealed significant relationship
between ISS and mortality (Spearman Rank correlation co-
efficientZ þ 0.936 pZ 0.0001). There was no convincing
correlation seen between RTS and mortality (Spearman
Rank correlation coefficientZ  0.02149, pZ 0.9197)
thereby suggesting it may be a non-causal association.
The morbidity (abscess, fistula, wound dehiscence) was
shown to be related to injury-operation time delay of >18 h
(pZ 0.0088) (Fig. 4). The impact of duodenal injury sever-
ity was not seen (pZ 0.5674) (Table 3). The cumulative 40-
day survival was 77.94% (Fig. 5). While there was overall
mortality (nZ 5), there was no duodenum-related death.
This suggests the simple repairs are sufficient for non-
resectional duodenal injuries.
Discussion
This series has a very high proportion of high-velocity
missile injuries (rifle and light machine gun). These involve
extensive tissue disruption including the usual damage at
the interface as well as super-added features like cavita-
tion, blast effect and secondary missile phenomenon. The
diagnosis is prone to be missed especially in blunt trauma or
in the rare event of isolated duodenal injury. They may also
be missed at a laparotomy. The diagnosis is known to be
overlooked despite evident CT findings1 and the false neg-
ative rate is reported between 4 and 22%.4e6
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Figure 3 Relationship of mortality with Injury Severity Score
(top graph) and, to a lesser extent, with Revised Trauma Score
(bottom graph).
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Figure 4 Injury-operation time lag of >18 h was the only
adverse prognostic marker for morbidity.
392 M.A. Rathore et al.The majority of duodenal injuries is known to be
simple and requiring simple repair.4,7,8 Only a minority is
likely to require duodenal diverticulization or Whipple’s
operation. The above data indirectly suggests that cover-
ing simple repairs with adjunct procedures like ‘covering’
gastrojejunostomy, pyloric exclusion or ‘triple decom-
pression’ (involving gastrostomy, tube duodenostomy and
feeding jejunostomy) may not bring added advantage.
We had to carry out diverticulization for a delayed
(missed) Grade V supra-papillary injury to D2 with loss
of pylorus and first part of the duodenum. It resulted in
duodenal fistula. It required 38-day treatment with
para-duodenal low-pressure sump suction drainage, GI
rest, total parenteral nutrition, octreotide H2-blocker
(ranitidine) and antibiotics.
Intra-luminal air is the most detrimental factor for an
anastomosis, creating physical tension and secondary is-
chemia, which may result in suture-line dehiscence. The
rationale behind using a T-tube (18-French) was to reduce
suture line tension while foreseeing oedema due to the
injury, resuscitation and prolonged operation. It was in-
troduced proximal to the repair/anastomosis and brought
out via the shortest route to the skin.
Duodenum-related morbidity tends to be low to moder-
ate. The most important is a duodenal fistula. It is
a potentially fatal complication. The incidence varies
from 2% to 12%.4e6,8e15 Coexisting pancreatic injury is asso-
ciated with higher risk of duodenal leak. Pyloric exclusion is
considered to be beneficial in this scenario.15 Injury-opera-
tion time lag >18 h was associated with increased duodenal
Table 3 Effect of injury severity and of delay on the inci-
dence of non-fatal complications
nZ 23 Morbidity
(nZ 4)
AAST Grade III or less 17 2 (11.76%)
Grade IV/V (pZ 0.5674) 6 2 (33.33%)
Injury-operation time lag <18 h 19 1 (5.26%)
>18 h (pZ 0.0088) 4 3 (75%)morbidity in our study. Shilyansky (1997) experienced the
same for a time lag of >24 h.16
Duodenum-related mortality (DRM) is consistently low
reported from zero to 9.5% (Table 4).11,17e22 Many studies
have stated that the leading cause of death is associated
trauma. Pancreatic, liver, splenic and colonic injuries
have an adverse bearing.4,11,17,18 In this study duodenal
morbidity did not translate into mortality. This may be con-
sistent with the philosophy behind damage control surgery
according to which mortality results from the physiological
derangement (shock, tissue hypoxia, acidosis, hypother-
mia, organ dysfunction-failure) rather than the injury it-
self. The other side of the argument however is that it
has to be balanced with the complications of a delayed re-
pair (iatrogenic injuries, tissue handling characteristics,
weak suture line, oedema, loss of detail and no convincing
benefit for duodenal injuries).
Table 4 Overall- and duodenum-related mortality (DRM)
in various studies
Overall mortality DRM
This study 21.73%
(CI 4.88, 38.58)
0
Carrel 19905 e 9.5%
Cogbill 19906 18% 1%
Nesbakken 198913 10% 0
Adkins 198519 6% e
Wynn 198514 64% 2%
Ivatury 198520 25% 2%
Shorr 198721 12% 3.5%
Cone 199422 e 0
Kline 19947 19% e
Nassoura 19948 6% 1.7%
Moncure 19939 13.6% e
Buck 199211 23.5% e
Fang 199812 0 0
Ginzburg 199717 e 2%
Ballard 199718 13% 6.6%
Asensio 20004 5e30% e
Results are independent of the mode of repair.0
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Figure 5 Cumulative probability of survival at 40 days when all patients had reached the endpoint (death/discharge) was 77.94%.
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Index of suspicion is vital in the diagnosis of duodenal
injury. Most of the duodenal injuries can be managed with
simple repair. Severe injuries need individualised treat-
ment depending on injury anatomy. Operative treatment is
guided by basic principles of surgery. The overall mortality
strongly correlated with body injury severity (score >45).
The mortality was not related to the mechanism of injury,
duodenal injury severity and injury-operation time lag of
>18 h. Adverse prognostic factor towards duodenum-
related morbidity was the injury-operation time lag of
>18 h. Missed injuries continue to be seen despite
experience.
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